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INTRODUCTION 

This final report summarizes the work performed by Goodyear Aerospace Corpo- 

ration in the design, fabrication, and testing (exclusive of Wind Tunnel) of the 

M-1-L full-scale wind tunnel model. This model concept of the M-1 re-entry 

body with a deployable- inflatable afterbody was  sponsored by the National Aero- 

nautics and Space Administration under te rms  of Contract NAS 2-  1037 and con- 

forms with NASA Specification NAS 2-1037, dated 13 August 1962, which for 

clarity is quoted herein as Appendix A. 

The design and fabrication effort commenced on 13 August 1962, and the model was 
m p l e t e d  and ready for static test on 27 June 1963. 

static test, an AIRMAP failure occurred which necessitated a study and analysis 

of the failure. Details of the failure and remedial action taken are included i n  
Section 11. Subsequent add-on funding was  obtained for a complete rebuild of the 

model. The new M-1-L was  fabricated and successfully passed its proof, static, 
and deployment tes ts  and was  shipped via USAC truck from the contractor's plant 

(Akron, Ohio) on 2 1  January 1964. 

Upon commencement of the 

Progress  reports, References a1 through a13, cover the principal areas of endeavor 

for the period 10 August 1962 through 15 November 1963. 

plishments in major areas of effort are discussed in this report, which consists of 

the  following sections: 

The significant accom- 

I. Material Preparation 

11. Material Testing 

111. Engineering Analysis 

IV. Detail Design 

*TM, Goodyear Aerospace Corporation, Akron, Ohio 
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V. Model Fabrication 

VI. Model Testing 

VII. 

VIII. Operation Log 

Deployment System Description and Operating Instructions 

The NAS 2-1037 Specification for the M-1-L vehicle is included in this report  as 
Appendix A, and a structural analysis of the wind tunnel model is presented in 

Appendix B. 

c 
9 
Ln 
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SECTION I. MATERIAL PREPARATION 

Initial effort consisted of weaving approximately 124 feet of six-inch AIRMAT on 

the Goodyear Aerospace loom facility and was  performed in an over-all seven- 

week period extending from 13 August to 28 September 1962. 

vided 100 percent excess material and was woven to provide an adequate supply 

should any unforseen problems arise requiring some scrappage. 

This quantity pro- 

This  AIRMAT conforms to the following Goodyear Aerospace specification: 

Warp, Fill, and Drop Yarns-220. Denier, Type 51, 
Dacron HT (High Tenacity) 
7 TPIw 50 filaments/yarn 

11 2. Warp, yarns/in. 

40. Fill, yarns/in. 

Warp Direction+ 8 drop yarns/in. 

Fill Direction.” 5. 9 drop yarns/in. 

47. 2 drop yarns/in. 2 

Subsequent to the  weaving operation, two plies of cover fabric were applied using 
the Goodyear Aerospace autoclave as the temperature and pressure device. This 

k 
v) 

u w 
single-ply Dacron fabric is identified as GT&R code ZX-392, with specified 

3 

- u  P 
P 

strengths of 262 lb/in. and 247 lbs/in. in the warp and f i l l  directions. 

0 z 
U I  u 

s z  
5 5  
. 0 0  

s 
h :  
h w  
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SECTION 11. MATERIAL TESTING 

1. General 

To predict the burst strength of the selected AIRMAT, tensile tests were con- 

ducted on an Instron testing machine on 50 samples of the AIRMAT drop threads. 

These tests yielded the following average values: 

Straightbreak = 3.16 pounds 

Loop break = 2.60 pounds 

Then with the drop thread count of 47.2 drop threads/in. and assuming 80 per- 
cent effective drop threads, the predicted strength would be 47.2 (2.60) (0.80) = 

100 psi. 

2. Test Results 

To verify the foregoing predicted burst strength, a ser ies  of test specimens was 
fabricated and tested. The tests yielded the following results: 

(1) The reference b3 pillow specimen failed at an air pressure of 48 psi. 
The failure was explosive in nature; however, a review of the failed 
specimen indicated that the failure was  precipitated by inadequate 

strength in  the a rea  of the input valve. These areas in the M-1-L 

were then suitably reinforced. 

(2) As a result of the Reference b3 test, another pillow-type specimen 
(Reference b8) was fabricated with the improvement in the valve input 
area. This specimen failed at 90.8 psi and was  reported in Reference 

a4. 

was  agreed to fabricate a test specimen of the fin intersection joint 

(Reference b27). 

Since this test did not meet the predicted strength of 100 psf, it 

(3) Also in  this general period, tests were conducted on the Reference b4 
through b7 specimens and verified the specified 500 lb/in. allowable 

loading of the woven "X" seam material. 
4 
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(4) The Reference b27 f in  intersection test specimen w a s  tested as follows: 
(a) A proof pressure of 37. 5 psi  was  applied and held for  15 minutes 

without failure, although a minor leak in the woven "X" required 

repair pr ior  to the test conclusion. 

(b) The specimen was subjected to a torque load of 19,200 lb/in. when 

inflated to  25 psi without damage o r  excessive deformation. 

(c) By use of a dry nitrogen bottle source, the specimen was inflated 
from 0 to failure at 79 ps i  in 3. 2 seconds. Prior to this test and 
during the process of fabrication, this specimen had been subjected 

to  the proof pressure of 37.5 psi  on several  occasions. On conclu- 

sion of each of these proof pressure applications, a visual inspection 
revealed certain minor discrepancies, such as a small  leakage in 

the vicinity of the woven "X" seam material. The specimen was ac- 
cordingly taken apart and rebuilt to correct the condition. A s  a 
result of these several reworks, it is quite probable that the speci- 

men suffered some internal, and not visible, damage that resulted 
f + l ~ l r p  Q! )he cppPrimPn at apprnvimately 80 perrent nf the 

the0 retic al. 
P. 

0 
- 
v) 3. Original Static Test 

i tu u! 3 

The static test was  started on 21 June 1963. When 25 psi  in the AIRMAT sur -  0 
P 
0 z faces, 0.20 psi  in the fabric shell, and approximately 100 gallons of the planned 
u u 

a z  - 0  
5 3  
2 r . :  

420 gallons of water for  the airload simulation had been applied, a delamination 
between the top forward and top aft AIRMAT juncture occurred. 

therefore called off, and a suitable repair  was  incorporated. 

The test was 
h W  

Upon completion of the repair, it was  planned to accomplish the following: 

(1) Subject the M-1-L inflatable afterbody to the proof pressure of 37.5 
psi  and hold for  15 minutes. 

(2) Reduce the pressure to 25 psi  and then continue with the static test. 

5 
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When in the process of applying the proof pressure,  a catastrophic failure oc- 
curred when 25 psi  had been applied. This model had previously been subjected 

to 25 psi  many times during its fabrication, and it is estimated to have been 

under this pressure for approximately 50 hours during the assembly. In addition, 

the pnoof pressure was applied once, just pr ior  to attachment of the afterbody to 
the forebody. 

The resulting review and analysis of the failure, as shown by the photographic 

references e28 and e29 of Reference a10, can be stated by the following hypothesis 

of the failure sequence: The initial failure occurred in the internal support as an 

AIRMAT drop thread slippage at the edge immediately adjacent to the internal sup- 

port web. This initial slippage caused overloading of the adjacent threads, and 

slippage progressed inward on the AIRMAT until the increasing rate of application 

of load and the anchoring of the drop threads were sufficient to cause failure to 
manifest itself as a tension failure of the drop thread. 

0 

Subsequent to the test review and analysis, a series of 28 test specimens was 
fabricated with improved methods of assuring adequate anchorage of the drop 
threads to the face material. The results show that, with a liberal application 

of cement to the juncture of drop threads with the face material, no drop thread 
k 
Y) 

Y slippage should occur. To further substantiate this approach,six 18 x 24 inch 

originally failed M-1-L afterbody. These specimens were subjected to a hydro- 

3 

pillow specimens were fabricated using salvaged AIRMAT material from the P 
P 
0 
5 
Y y1 

n z  - 0  

0 h L  values : 

static pressure test and failed i n  approximately 15 - 18 seconds at the following 
“ - 5  

h Z  

a. 60 

b. 6 5 }  65  average 
c. 70 

I :: } 76.7 average 
f .  79 

6 I 
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Both the reduced rate of loading and the previous history of loading of the AIRMAT 

material from which these specimens were fabricated tend to decrease the ulti- 

mate strength. It has been past practice to define a quick break test as one where 

the ultimate strength is reached in l ess  than 6 seconds. Therefore, the assump- 
tion is that, if the specimens were tested at a higher loading rate and were fabri- 

cated from virgin material, a pressure of 80+ psi would be achieved. At this 
time, it was  determined that the normal operating pressure could be reduced to 

20 psi in lieu of 25 psi and still limit the deflection of the AIRMAT surfaces when 

operating at a tunnel dynamic pressure of 100 psf. Specimens (a) through (c) had 
no special treatment to secure the threads and failed by drop thread slippage. 

Specimens (d) through (f) had a liberal application of cement to the juncture of the 

threads with the face material. 

At this time, it was decided to fabricate four additional pressure specimens in an 
effort to prove the considered 80 ps i  allowable. The material for these speci- 

mens was  taken from the aft panel of the original M-1-L. These specimens, two 
pillows and two fin intersections, reported in  Reference a13, were subjected to  

cycling as well as ultimate pressure testing. 

In analyzing the results of these tests, it was  notable that the contractor had not 

been able to achieve a failure of the joint type intersection as intended, but had 

failed only small patch areas o r  places where the specimens were capped off. 

It is considered that these premature failures were the result of trying to use 

only available and previously fabricated AIRMAT components o r  portions there- 

of that did not lend themselves to  fabrication of acceptable test  specimens due 

to excessive buildup of layers of fabric, cement, and resulting local stiffness. 
It is considered that the test objective of showing the joint construction to be 

adequate for an 80 to 90+ psi ultimate pressure would have been achieved, if 

it had been possible to use new AIRMAT. 

i. e. , using new AIRMAT and the new joint/drop thread anchorage technique, 
wi l l  prove far superior to any of the specimens to date. 

It is considered that the new M-1-L, 

7 
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SECTION III. ENGINEERING ANALYSIS 

In order  that the structural integrity of the model could be assured, a design 

analysis (Appendix B) was made during the course of design and fabrication. 

Early in the program, the contractor established that the inflation system would 

provide complete inflation of the AIRMAT components to 10 ps i  in 2 seconds and 

reach the maximum design operating pressure of 25 psi  in a total inflation t ime of 

6 seconds. 

Subsequently, and as a result of an AIRMAT failure during the first attempted 

static test, the maximum operating pressure was  reduced to 20 psi and the infla- 

tion system was  modified accordingly, with the result that the system now wil l  

inflate to 10 ps i  in 2 seconds or  less and to 20 psi  in 6 seconds o r  less. 

Section VI1 contains a description of the deployment system and operating instruc- 

tions. 

8 
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SECTION IV, DETAIL DESIGN 

The detail design of the M-1-L as described herein is depicted b y  the drawings 
in References b l  through b28 and References c and d. 

9 
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SECTION V. MODEL FABRICATION 

The M-1-L model fabrication was documented by Reference e l  through e4 and 

e8 through e27 photographs, which were included in References a6, a7, a8, a9, 

and a10. 

UJ (I 

3 

U 
Y 
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SECTION VI. MODEL TESTING 

1. Proof Pressure  

The AIRMAT portion of the present M-1-L was first pressure  tested on December 

16, 1963. 

leaks were detected around the fin intersection of the top section. 

The proof pressure test was  started but was  stopped at 13 psi  when 

The faulty areas were easily repaired, and the proof pressure  test was conducted 

on December 26, 1963. The AIRMAT portion was pressurized to 24 psi  and held 

at this pressure for 30 minutes. The pressure in the  AIRMAT was then reduced 

to 20 psi and held for one hour. There were some minor leaks detected, but 

these were not significant and were easily repaired. The proof pressure test 
0 was considered successful. 

2. Static Load Test 

The M-1-L re-entry body was suspended inverted from the universal test fixture 

with the solid bulkhead of the  forebody at an angle of 65'F with respect to the 
horizontal (Reference a5, except p = 20 in lieu of 25 psi). 

scales were attached to the AIRMAT surface at four spanwise stations (see Fig- 

Vertical deflection 

b 

Lu M 

P 
P 

u, u r e  1). Eight scales were located along the AIRMAT in a chordwise direction at 

when it is statically loaded, simulating a dynamic pressure  of q = 100 psf and an 

3 

each of the spanwise locations to determine the contour of the AIRMAT surface 
0 z 
Lu Lu 

= E  n 0  

0 

angle of attack at 28. 5 degrees. 

three levels. A set of reference readings of these scales was made with the AIR- 

MAT pressurized to 2 psi. 

The deflection scales were read with the aid of 
- . I  
h k  
h L L  

The AIRMAT was pressurized to 10 psi, and the shell was pressurized to 0.375 

psi. 
ings and drawings. The catenary was then adjusted to the theoretical position. 

The theoretical position of the catenary was located by deflection scale read- 

0 

11 
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The shell pressure was maintained at 0.375 psi, and the AIRMAT pressure was 

raised to 20 psi. Then a 50 percent load of water (1750 pounds) was added to the 

inner surface of the AIRMAT. The contour change caused by the water load was  
determined by plotting the changes indicated by the deflection scales. 

The AIRMAT pressure was maintained at 20 psi, the shell p ressure  was in- 

creased to 0. 50 psi, and the water load was  increased to 3500 pounds (100 percent). 

The deflection scales were read again and recorded. The plots of the actual con- 

tour versus  the theoretical contour at each of the four spanwise stations are shown 

in Figures 2 through 5. 

The AIRMAT was at 20 psi for two hours during the test period. 

In order  that the NASA specified contour can be achieved, it will be necessary to 

take in the catenary by the following values for either a 50 o r  100 psf dynamic 
pressure  test: 

Catenary 
Ad j u st m ent 

Required 
Contour 

Adjustment B. L. 

0.00 1. 70 in. 

18. 50 1. 40 in. 

34.75 1. 40 in. 
Outboard f 44.00 1. 30 in. 

65.00 0. 70 in. 

Inboard f 16.00 1. 60 in. 
k 
0 
u) 

Y I a 3 

P 
P 
0 z 

K Z  
Y Y 

- 3 0  

% E  2 This adjustment was not made prior to delivery, because the length of cable and 
turnbuckle assemblies was such that all the adjusting length had been used. As  a 
result  of this, new cable/turnbuckle assemblies were made and installed with the 
tested setting prior to delivery. However, it was not possible to make the adjust- 

ment, because the  M-1-L was being packaged and loaded on the truck for delivery 

at that time. It is suggested thatAmes take in the turnbuckle lengths by the noted 

1. 60 and 1.30 inch to provide the specified contour. 

h 5  
h a  

0 

13 



GOODYEAR AEROSPACE 
c O l l l ' O I 1  \ I I O N  

GER-11141 a 

The0 ret ic a1 Contour -- - - 
50% Load 

Figure 2. B. L. 0.00 Contour 
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Figure 3. B. L. 18.50 Contour 
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3. System Inflation Tests 

The bottle inflation system was  checked out by using a pressure vessel into which 

the bottles could be expended. The volume of the pressure vessel (100 cu f t )  was 
approximately the same volume as the estimated volume of the AIRMAT. 

", c1 

3 

U 
P 
P 

The inflation lines and the pressure sensing lines were disconnected from the 

AIRMAT and connected to the pressure vessel. Each of the four pressure bottles 

was  charged to 500 psi. Each bottle was  expended individually to check out the 
individual systems. Each system w a s  found to operate satisfactorily. When all 

four bottles were expended into the pressure vessel, the pressure in  the vessel 

was 9.75 psi. Each bottle was then charged to 700 psi, which was  calculated to 
pressurize the pressure vessel to 15 psi. All valves were energized at one time, 

and the pressure gage in the pressure vessel indicated 15.38 psi, Each bottle 

was then pressurized to 1100 psi. This bottle pressure was  calculated to yield 
a pressure of 23 psi in  the pressure vessel. This pressure level was selected 

to determine that the regulator valves would not allow an over-pressure in  the 

AIRMAT. These regulators were factory-adjusted to limit the pressure in  the 
AIRMAT to 20 (f 1.5) psi. All the bottles were exhausted simultaneously; a 
pressure level of 22 psi was indicated at the pressure vessel when the system 

stabilized. The pressure was allowed to drop to 19 psi in  the pressure vessel, 

the inflation system was  activated again, and the remaining pressure in  the bottle 

system increased the pressure to 19. 5 psi before all the remaining air supply 

was exhausted. This indicated that the regulator system did function, As a fur- 

ther check on the regulator system, each regulator was checked out by pressur- 

ing each bottle to 500 psi and controlling the sensing back-pressure to the regu- 
lator by means of regulated shop air. The regulators were found to function 

properly within the reported tolerance; they would allow flow from the bottle, 

when the pressure at the sensing port was  approximately 20 psi and stop the flow 

f rom the bottles when the sensing pressure was 20, 5 psi o r  greater. 

18 
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The regulators were found to function within the  specified limits when the  bottle 

pressure was as low as 150 psi. It was found that when the bottle pressure was 

decreased to 50 psi, the sensing back-pressure had to be increased to 23 psi  to 

stop the flow from the bottle. 

4. Door Check 

The purpose of the test was to check the operation of the large and small scoop 
doors that are used to maintain the shell pressure from the ram tunnel air. 
large door should close when the shell pressure exceeds 0.10 psi. 

should close only when the shell pressure is 0.20 psi. 

The 

The small door 

u 
w 3 

P 
2 

The shell pressure was  gradually increased to 0.10 psi; at this pressure level the 

large door closed. The shel l  pressure was  increased further until the small  door 

closed. 

repeated with the same results. The low pressure level at which the small door 

closed is attributed to the tolerances on the components of the pressure sensing 
system incorporated in the design of these valve systems. 

level is considered acceptable. 

The pressure at which the small door closed was 0. 15 psi. This test was 

The 0.15 psi  p ressure  

5. Squib Check 

The six squib-fired cable cutters for release of the inflated afterbody packaging 

cover were installed i n  their respective positions on the forebody. Nylon cable 

was threaded through each cable cutter and secured to the guide studs on the out- 

side of the forebody. 

squib circuitry when the  access door is removed, voltage was applied through the 

control box and the squibs did not fire, as intended. 

voltage was applied through the control box, and the squibs fired, as intended. 

To check the safety switch operation, which deenergizes the 

The access door was installed, 

6. Packaging and Deployment 

The AIRMAT was evacuated, and the forward skirt  of the cover was attached to 

19 
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the forebody by securing the  draw cable to the guide posts. 

stretched taut to keep the cable in the groove provided on the forebody. 

afterbody was  packaged by folding the fins outboard and then folding each outboard 

tip of the top surface AIRMAT toward the center. A fold was thereby formed from 

each top corner of the forebody intersection down in front of the fin to the center 

of the AIRMAT panel. 

lower section of the back AIRMAT panel. The back panel of the cover was then 

laced on to the forward skirt. The cables securing the cover were cut, the cover 

was pulled away, and the AIRMAT and shell were inflated by means of factory air 
supply and a compressor. The inflatable portion unfolded and deployed without 

any apparent difficulties. 

The cable was 
The 

The inner supports were folded in  and up along with the 

20 
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SECTION VII. VEHICLE DEPLOYMENT SYSTEM DESCRIPTION 

AND OPERATING INSTRUCTIONS 

1. Introduction 

The deployment and inflation system of the M-1-L vehicle afterbody is designed to 

deploy the afterbody by inflation and pressurization of the AIRMAT structure from 

a stored gas source, and to inflate and pressurize the afterbody shell o r  cavity by 

controlling the operation of air scoop doors, which pick up ram air as required to 

develop and maintain pressurization. The system includes all necessary compo- 

nents to control the operation and the instrumentation to indicate performance. 

The vehicle afterbody AIRMAT section inflation system is designed to provide 

pressurization to 20 ( *l. 5 ) psig in approximately 6 seconds o r  less. Since the 

study of the aerodynamic characteristics of the vehicle afterbody is of prime im- 
portance, all wind tunnel testing should be conducted with reduced gas flow when 

using pressure from the gas storage cylinders, since cycles of rapid inflation and 

pressurization appreciably decrease the life expectancy of the fabric. Reduced 

gas flow is achieved by controlling the gas flow through a calibrated needle valve. 
The recommended gas flow for wind tunnel testing is 1/4 when using pressure 

f rom the gas storage cylinders. The ultimate capability of the vehicle afterbody 

inflation system, which includes afterbody cover separation, should be checked 

out, but only after all other wind tunnel testing has been completed. 

2. Svstem Description 

The system consists of four essentially identical subsystems. Each is comprised 

of a 3000-psi maximum storage cylinder, a gas cylinder valve, a calibrated needle 

valve, a solenoid shut-off valve, and a pressure reducer valve with remote out- 

let sensing. 

nected to the AIRMAT. 

The outlet and sensing ports of the pressure reducer valve are con- 
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On one of these four subsystems, the ram air scoop door positioning system is 

teed into the line between the solenoid shut-off valve and the pressure reducer. 

In this air scoop door system a r e  a pressure reducing valve, two four-way valves, 

and two double-acting pneumatic cylinders that open and close the ram air intake 

scoop doors. Two differential pressure switches sense the afterbody shell pres- 

sure  as compared to tunnel ambient pressure and control the four-way valves to 
cause opening o r  closing of the ram air intake scoops as required to maintain the 

design shell pressure. 

Pressure  transducers a r e  provided to indicate afterbody AIRMAT pressure and 

shell pressure. A rotary potentiometer is mounted on each ram air intake scoop 

door to indicate scoop door position. 

0 3. Preparation for Inflation 

The storage bottles with gas cylinder shut-off valves are removable f rom the 
vehicle as a unit f o r  recharging. After reinstallation and connection into the 

system, the gas cylinder valve is opened, the needle valve is positioned to the 
desired flow, and the system is ready for  operation. The needle valves have been 

calibrated and marked to permit 1/4, 1/2, 3/4, and full flow. 

testing, it is recommended that the needle valves be set for  1/4 flow for  reasons 

For  all aerodynamic 
b 

explained in the introduction. 

4. Inflation Sequence 

When deployment is desired, power is applied to the normally closed solenoid 

valves to open the valves, allowing high pressure gas to flow to the pressure re- 
ducer valves. These valves remain open, and gas continues to flow until the AIR- 

MAT pressure has reached the operating pressure of 20 ( *l. 5 ) psi. At this point, 

the valve closes; the valve will reopen automatically only if  AIRMAT pressure 

drops due to leakage o r  other loss. 

The gas storage cylinders a re  sized so that after initial inflation and pressurization 
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a r e  complete there will  remain in the bottles a sufficient quantity of gas to main- 

tain pressure for at least several hours with expected leakage rates. 

5. SCOOD Operation 

When the solenoid valve is opened in  the system to which the air scoop operating 

system is fed, high pressure gas also flows to the pressure reducer valve in this 

system and reduces the pressure to 100 psi as long as upstream gas pressure 

measures greater than 175 psi. From here, the gas flows to the two four-way 
valves, which in turn direct the gas to the double-acting actuators to open o r  close 

the ram a i r  scoop doors automatically on demand. 
ranged such that, with no electrical power applied, gas is directed to keep both 

scoop doors open. With electrical power applied and with afterbody shell pres- 

sure  below the desired design pressure, the differential pressure switches will  

be closed and the valves will  port gas to the actuators to open both scoop doors. 

The valves are internally ar- 

Two ram air intake scoop doors are used to maintain a close control of afterbody 
pressure. The large scoop door wi l l  provide a rapid pressure rise. Because of 

this and the time response of the system, this door must start to close at a pres- 

sure  considerably below 0 . 2  psi to avoid excessive variations in  shell pressure. 

Therefore, the pressure switch must be set at 0 .1  psi. For  the large scoop door 

to open, the pressure would need to drop below 0 .1  psi. The small  scoop door, 

which produces a much lower rate of pressure increase, is controlled by the other 

pressure switch set  at approximately 0 .2  psi. By using two such doors, pressure 

variations a re  held to an acceptable level. 
P 
, Y  

h r y  
h ( L  

6. 

Facilities for using external air sources for inflation and pressurization of the 

AIRMAT a re  incorporated in the same subsystem containing the ram air intake 

scoop door system. Removable tube assemblies a r e  made accessible, and an 

adapter tube assembly (normally mounted on a stowage receptacle on the forebody 

Provisions for External Pressure Source 
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bulkhead) is provided. The 3/4-inch tube assembly, color coded yellow and tagged 
"Remove f o r  AIRMAT External Pressure", located between the solenoid valve and 

the tee, is removed and replaced with the adapter tube assembly (tagged "AIRMAT 

External Pressure  Connection Gauge Regulated P res su re  Not To Exceed 20 PSF'). 

Included in the adapter tube assembly is a relief valve with a factory setting of 20 

psi. The adapter tube assembly is attached to the tee. This arrangement permits 

controlled inflation and pressurization of the AIRMAT section only. The ram air 
intake scoops are inoperative if upstream pressure is less than 175 psi. Fo r  r am 

air intake scoop operation when using an external source pressure of 175 psi mini- 

mum, it is necessary to remove 1/2 OD tube assembly tagged "Remove for Door 

Actuator External Pressure,  Install Cap on Reducer". The reducer (AN919-19) is 
capped, and an external source pressure with a minimum 175 psi  is adapted to the 
nipple tagged "Door Actuator External Pressure  Connection 175 PSI Min". 

however, a minimum 175 ps i  external pressure source is not available, then it 
becomes necessary to  utilize the 3000 psi  maximum storage cylinders mounted 
on the bulkhead. This is accomplished by removing the 3/4 OD tube assembly 

located between the tee and the pressure reducer, capping the tee, and installing 

the adapter tube assembly (which includes the 20 psi  relief valve) in the reducer 
(AN919-20) on the pressure reducer. External source pressure is connected to 

the adapter tube assembly while the No. 2 solenoid valve is actuated to permit 

stored cylinder pressure for  the ram air intake scoop doors, 

If, 

Provisions for inflation-pressurization and pressure sensing of the afterbody 

shell o r  cavity (in lieu of wind tunnel ram air) have also been provided and suit- 

ably placarded. 

A control box for  operation of solenoid valves, ram air intake scoop doors, and 

squib firing is also provided. The forebody is wired to include separate electri- 

cal cables for  instrumentation and for  deployment and inflation operations. 
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The operating instructions describe in detail procedures for utilizing the equip- 

ments described above. By using low pressure external source air instead of 
gas in  the storage cylinders, a familiarization program should be undertaken to 

tharoughly acquaint personnel with the various components and capabilities of the 

M-1-L vehicle inflation system. 

P r io r  to any activation of the inflation-pressurization system, all plumbing must 

be checked to ensure a gastight system. All  cylinder gas valves must be closed 

before removal of the gas storage cylinders for recharging and after reinstallation. 

The cylinder gas valves as  well as the needle valves must remain closed at all 

times, except as noted in the instructions. 

7. Inflation and Pressurization Operating Instructions 

(1) Remove access door in forebody. 
(2) The gas storage cylinders a r e  removed and charged to 3000 psi maxi- 

mum and reinstalled in  the vehicle. NOTE: If external pressure 

sources a re  used instead of the gas storage cylinders, make modifica- 
tions to the plumbing system as described in "Provisions for External 

e 

u = 3 
P 
P 

Pressure " . 
(3) Check all fittings f o r  gastight seals, and connect the wind tunnel am- 

bient pressure line to 1/4 OD flared tube cross. 

(4) Connect external control box to vehicle forebody cable assembly. 

(5) Connect instrumentation cable to external recording oscillograph. 

(6) If gas storage cylinders a r e  used 
cylinder valves and set the needle valves to 1/4 flow. 

(7) Replace access door on forebody. 

(8) Check control box to see that it is fused with 15 amp fuses. With the 

28 VDC switch in "off" position, connect 28 VDC power supply to con- 

trol box. NOTE: Power available must be capable of delivering surges 

of 28V at 22 amps. 

4C 

rl 
the pressure source, open all gas 
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(9) If gas storage cylinders are used as the pressure source, actuate sole- 

noid valves through the control box switch. 

(10) ActJate ram air intake scoop doors through control box switch. 
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SECTION VIII. OPERATION LOG 

A sample copy of the M-1-L Operation Log is shown on page 28. The purpose of 

this log is to obtain data on the service life of the deployable-inflatable afterbody. 

It is requested that NASA Ames complete one of these log sheets each t ime the 

AIRMAT and/or shell is subjected to internal pressurization, and that a copy of 

th i s  log be provided Goodyear Aerospace for analysis and record purposes. 

In recording the log data on the configuration of afterbody prior to, during, and 

after the test, place a check mark under the condition of the afterbody if  "pack- 
aged with cover" or "uninflated. '' If the afterbody is inflated, note the AIRMAT 

and shell pressure. 

For the inflation system record the type of gas used (air, nitrogen or  C02) and 
the bottle pressure o r  the line pressure (if factory air is used). 

In recording the information on the conditions of the test, only the values resulting 
in maximum loading (maximum tunnel q and maximum attack ang1e)need be re- 
corded. Record under "Remarks" the  length of t ime under these maximum loading 

conditions. 
h 

u = 
In Under the remarks column also include any changes to the configuration, such as 
3 ~ 

P 
2 adjustment of the internal catenary o r  addition of control surfaces, any severe 
0 z operating conditions such as buffeting of the afterbody or pressure  surges in the 
u ,u 

E Z  - 0  AIRMAT o r  shell, and any water accumulation in  either the AIRMAT or  the shell. 
3 5  
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AIRMAT 

M-1-L OPERATION LOG 

Shell 

TEST NO. DATE PERFOFMED BY: 

TEST DESCRIPTION 

CONFIGURATION OF AFTERBODY 

Packaged 
With Cover 

Prior to test 
During test 
After test 

Uninflat ed 

INFLATION SYSTEM: 
Line Pressure  (PSI) 

Type of gas 

CONDITIONS: 

Temp ( O F )  

Attack Angle 

Tunnel 

Bottle 

Velocity 

Pressure  (PSI) 

Tunnel TTqT? (PSF) 

Yaw Angle 

Time: 
Begin . End 

Roll Angle 

E lap sed 

REMARKS: 
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(a) The following progress reports for the noted periods: 

(1) SP-1453 8-10-62 Thru 9-30-62 

(2) SP-1522 10-1-62 Thru 10-31-62 

(3) SP-1546 11-1-62 Thru 11-30-62 

12-1-62 

1-1-63 

2-1-63 

3-1-63 

4-1-63 

5-1-63 

6-1-63 

7-1-63 

8-16-63 

10-16-63 

Thru 

Thru 

Thru 

Thru 

Thru 

Thru 

Thru 

Thru 

Thru 

Thru 

12-31-62 

1-31-63 

2-28-63 

3-31-63 

4-30-63 

5-31-63 

6-30-63 

8-15-63 

10-15-63 

11-15-63 

( b )  The following Goodyear Aerospace 62QS generated drawings: 

(1) 812 Gntour Bar, 54" and 36" 

(2) 813 Airmat-Cross Section 

(3) 814 Test Specimen, Airmat w contoured end, 3" 

( 4 )  815 Test Specimen, Radius w Woven "X" 
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816 Test Specimen, Radius, Catenary Intersection 

817 Test Specimen, Airmat Intersection 

818 Test Specimen, Woven I'x" Intersection 

819 Test Specimen, Airmat, Corner Development 

820, Sht. 1, Rev. B, Forebody Structure, Gen. Arr 

820, Sht. 2, Rev. B, Forebody Structure, Gen. Arr 

820, Sht. 3, Rev. B, Forebody Structure, Gen. Arr 

821, Afterbody - Fabric, Gen. Brr. 
822, Sht. 1, Rev. B ,  Schematic Arr., Inflation System 

822, Sht. 2, Rev. A, Schematic Arr., Inflation System 

977, Rev. A ,  Support, Tunnel Fwd. 

978,  Rev. B, Support, Tunnel Aft. 

984, Rev, A, Afterbody-Assy. and Installation 

985, Rev. A, Catenary Assy. and Installation 

985-103, Catenary Curtain 

986, Rev. A, Airmat Top Surface, Fwd. Section 

987, Rev, A ,  Airmat Top Surface, Aft. Section 

988, Rev. A, Airmat Aft Surface, Aft. Section 

989 ,  Rev. A, Airmat Center Support 
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REFERENCES (Con ' t 

( 1 3 )  4 1 9 0 5  Airmat, Aft Panel, Ref. a 8  

(14)  4 1 9 0 6  Forebody, Bottom Part, Ref. a8 

( 1 5 )  52447 Afterbody & Forebody, 3 / 4  aft stbd,, Ref, a9 

( 1 6 )  52448 Afterbody dL Forebody, Starboard, Ref. a9 

( 1 7 )  5 2 4 4 9  Forebody, Starboard Side, Ref. a 9  

( 1 8 )  52450  Forebody, Aft View, Ref. a9 

5 2 4 5 1  Forebody, 3 / 4  Aft Starboard, Ref. a9 

5 2 8 4 9  Afterbody/Forebody, A s s y ,  in Process, Ref. a9 

52850  Afterbody/Forebody, Catenary Intersect, Ref. a 9  

5 2 8 5 1  Afterbody, Catenary, Forebody, Intersect, Ref. a9 

52852 Afterbody/Forebody, Assy. in Process, Ref. a9 

5 2 9 0 1  Afterbody, 2 5  psi Operating Pressure, Ref. a9 

52902  Afterbody, 37.5  psi Proof Fressure, Ref. a9 

6 1 0 2 5  Aft View, Ref. a10 

6 1 0 2 5  3 / 4  Aft Starboard, Ref. a10 

7 0 8 0 3  Airmat, Failure, Ref. a10 

7 0 8 0 4  Airmat, Failure, Ref. A10 

9 1 2 0 2 ,  Pillow Test - 2 Airmat, Ref. a12 
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(24) 990, Rev. A ,  Airmat, Fin 

(25) 991, Fabric  She l l  

(26) 992, Rev, A,  Nose, Forebody S t ruc tu re  

(27) 993, Test Specimen, Airmat, Fin I n t e r s e c t i o n  

(28) 994, Valve Spud Assy ,  

( C )  G A B  Dwg. 63QS009, Casting 

(d )  GAC Dwg. 63QS010, Casting 

(e) The following A630 Ser i e s  photographs were taken a s  

documentation f o r  t he  f a b r i c a t i o n  and t e s t  e f f o r t  and 

included i n  the  referenced r e p o r t s .  

22508 Airmat, Fin Fabr ica t ion ,Ref .  a6 

22509 Airmat, A f t  Panel,  Ref. a6 

22510 Airmat, Top A f t  Fab r , ,  Ref. a6  

3 7 5 L l  Airvat, I n t ,  F i n  Fn 'Tr , . ,  R r f .  2 5  

311-33, F i n  I n t e r s e c t  Test, Ref. a7 

31134, Fin I n t e r s e c t  Tes t ,  Ref. a7 

31135, Fin I n t e r s e c t  T e s t ,  Ref, A7 

32501 Forebody Frame, 3/4 top  view, Ref. a7 

32502 Forebody Frame, 3 / 4  B o t t o m  View, Ref, a7 

41q02 Forebody Ton Starboard,  Ref. a8 

/c2!"3 . l j . r .r ,?t ,  CltCnary, ICzf. a8 

i 
i 
i 

( 1 2 )  41904 Airmat, I n t e r n a l  F in ,  Ref. a8 31 
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(31)  l a 5 9  Static Test 

( 3 2 )  11460 Static Test 

(33) 11615 Scoopaoor Check 

(3b) 1.1616 Scoop-Door Check 

(35) 11618 Packaged for Deployment 

33 

L 







I. 
*: _. . 

! 

i 

I 
j 

I 

..... I 

c 



DATE 

t 

(FULL SCALE) 

CONTRA 2T SP!i CIFICATICN 

NAS2 -1037 



PREPARED C A W  A-2 GOODYEAR AEROSPACE W-I-L 
C O @ * O U A T l O N  CHECKED 

OAT E 

REV DATE a 

f 
? 

a 
a 

a a 

ul 
W 

3 
w 
8 

GER- l l lU ADD A 1 

CODE DENT 25500. 

Specification No, NAS2-1037 August 13, 1962 . 

1, The Contractor shall  design, engineer, and fabr ica te  a body 

These 
conformine t o  the contoured snape of' t h e  14-1 ur"ti3r Ire-entry Body and 
an in f l a t ab le  aftwbody capable of attachment t o  the 14-1 body. 
'-odies shall be contoured t o  the shapes shown i n  Ames 3rzwing ?Joe A-120ff)D-1, 
attached, 

2, The M - 1  body s h a l l  be constructed t o  withstand a i r  loads of 100 
p s i  plus the accmpanying loads transferred from the in-fl.a*&t'lg afterbody 
a t  this s w e  condition for-angles of attack of t h e  boqy from 0 
These loads shall include.the dyriamic loads accompanying afterbocly deploy- 
ment fraa the  uninflated,'stowed posit ion to the fu l ly  in f l a t ed  position. 

The M-1 body shall incorporcte sui table  attachment hsrd points 
compatible with the lgounting systems in t h e  Ames LO- by 80= Foot Wind Tunnel, 
Pmes epprcval of the a t t a c h n t  desigx is  ret-ired before fabricnYon fs 
&?,a, The at+,achEe.?t s h e l l  h e  CaClhle of Viths t? -?d in~ tho 15263 ment imoc !  
i n  psragraph 2 above w i t h  a safety-factor  of 3.0, 

t o  30'. 

3. 

L,, 1 The 1:-1 body shall be capable of stauinp: the uninflEted afterbody 
within tk heat shield and of depl.oyim the aftcrbody a f t e r  j e t t i s o n  of tJle 
heat shielc$,fairing a t  dynamic pressires up to 100 psf.  

5 ,  The afterboqy shall be const?*ucted from elrstor,er-impregnated 
fabric, The upper contoured surfaces sixill be constructed of l tAhnatb 
v i t h  su f f i c i en t  s t r e n r t h  to  re ta in  i+G shape st ciynamic pressures up t o  
100 psf, '???e lower surfaces skill bz o f  sin?Je thickness, elastomer- 
irrpegniited fabric, 

7. The rernainder o f  t h e  shLzll- be i n f l a t ed  by ram-air from the 
a i r  stream, 
a f  t e rhdy .  

The run-air inlets s k l l  b3 d o s i p o d  ss i n t e r n a l  parts of the 
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e. The af5;erbody s h a l l  be equipped w i t h  suitable attachment pinta 
fo r  e i t h e r  r i g i d  or inL2atable control  surfaces atop and to t h e  rear of 
the body a t  b o  1ocatAom on each side,  SO-inches out  from the centerline. 
P r w i s i o n  shall be nade f o r  both verticpl and hor i zon ta l  surfaces at each 
location. 
provided on tr-8 body centerline. 
capable of supporting the  loads transferred from the con t ro l  surfaces a t  
operatinff conditions ur) to dynamic messures of 100 psf w i t h  m i n i m u m  de- 
flection of the supporting structure.  

An attachment po in t  for t h e  horizontal  surface shal l  also be 
These attachment points shall have s t rua tu re  

_- 
9 .  The hea t  shield fairing on the 11-1 bod;y shall be capable of 

r m b l y  controlled jettison. 
damage t o  it or the M r d  Tunnel. 

The fairing shall be recoverabla Kithout 

10. The afterbody deployment a n d  i n f l a t i o n  system shall be tested 
s t a t i c a l l y  2nd proved by the Contractor prior t o  shipment t o  Ames Resezrch 
kn+ver. 

------- 
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